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PURPOSE: A semiconductor device having a gate-all-around transistor 
is provided to be effective to widen the channel width of a transistor by 
making it a three dimensional structure and reduce the possibility of 
crystal damage in the channel. CONSTITUTION: A silicon on chip 30 ^ 
substrate is prepared, containing a silicon-germanium layer(30), a 
silicon layer(40) ( an oxide layer(20), a bottom substrate layer(10). The 
silicon -germanium layer and silicon layer are patterned as an active 
layer and a thermal insulation barrier is formed on it temporarily. An 
etch barrier pattern is dressed and then the thermal insulation barrier is 
removed by etching such as wet etching and then a channel -insulation 
barrier is formed on the exposed surface of the active layer. A 

conducting material layer formed on the etch barrier pattern defining the gate region is removed by CMP method so that the 
etch barrier is exposed and then removed by wet etching over the whole substrate. Therefore, A gate-all-around transistor is 
formed as the active layer is surrounded by gate electrode(82). 
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TlMM 
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* <H44H^ Eia^tHi- 7}*) h>£^1 $ jl ~<8 A J 4141 34144. n. 4*44 4^€- 31 = 44^ 

s&ol oieolAl cj-^l o]£££ a^£ §1-4 7MTr «fl# 444, 44 71 01444 ±6\ 

£al*fe ^i, 34^4<3 44i>3. 4 A J4 3144 *S444 431, # A J4 31421 ^44 3 

44 "<S A J44 43), 444-°-^ 44 4*34 314 3s *!4 4444 3444 431, 34 4*144 3)4^4 

4 31144 ^^44 43*l5.fc- 341H Oj«o)lAi ^7^1-ir 431, TflolE S^El-g; 3]7i*Hr 431, 

ajz]-^- f-sfl 314 °j$H4 Aj^a ^H.4tt-I 4^2^_o^ 317-1*M 444 *§444 431, 4 

?-44°l 4^2i 317-m *J-eH4 He14 4 A 34 2114 S44 4fe 3MH ^hM: ^*344 431, 43H 
£444 CVD5L ai#3M 444 £444 *MJE °J^4 3)44 4314 4«14^ °14444. 4^4 3)44 
«W *H44fe- 44 44 0 ! 44«1 44-71)21 ^SLS. 4sls):E4 34W ol4<3*14 4 44. 
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£ 5b 

jeia mm £7c^ -4 4 d J2] ^ii 4 a H3 4 3>hai3 4 I^H* X4 4 Y4 »&**.S ^44 

44£4°]4. 

S.8A 4*1 5L9C^r 4 4^3 A2 € A H3 433 43 43HH3 34^44 z\ J§4£4 X4 H Y4 4*43. 1 
44 445.4014. 

E.11A £11C4 * 433 *J|3 ^l^HI 3*13 34£4 34£« X4 4 Y4 44-°-5. 444 44£4°14. 
£1A M13 £7C4 £ 443 ^4 4 A 1 °fl 3*13 34^3- 34£4 X4 4 Y4 44-°-3. 444 44£4°14. 

433 4^14 43 

viI- d5 o| y,-| 

43 °i 444 "Mir l ii li 443 4«il 7 4; 

4 434 ?fl3- E . 4 <>144H3(Gate All Around type) 7 r 4 4£*fl 3*1 * ^ 33 44 5 

34. 

4£*ll 433 £4 jL^aifl- 31N 44 34°11 333tr ?114 £43 37H- #343 44.P-5. £4 444 4M14 
Al ? )7l ^sfl 33 7}3 if^o] £7 7flf£lJl 44. 34 434 7}*^ £3 (SOI: Silicon On Insulator) 3 3 #4 4 
444 4^4 t^'^ (vertical transistor) 4 3*113 £4* 3344 43 43 *)144j2. 514. 

£33 344 444 ^ o-_ £43 43* 44*1 tt 4 43 2.^3} SHI 44 45- £47} 3X 344 334 34 

u o vx|t 4 514. cj^oi, ±o)*$ 7144 444 34, 34 443 £433 43 43 °fl 331 m43 42, 44 444 
43°113 3t4 Sfl- 43°11 4* 4314 #4 4 444 43 £ 7>S 4 44. 



44, 3*113 £44 33 4^4 4443, MlJE.3 3*113 £4 ^ 43-°34 DELTA (fully DEepleted Lean-ch 
annel TrAnsistor) 4£3 GAA(Gate All Around) 4£# * 4 44. DELTA MOSFET (Metal Oxide Se 

miconductor Field Effect Transistor) 4 °1 44^^31 4,996,574 4°fl 7l^i|«H 44. °1 2 d DELTA 4£°1l A i4 

^44 ^ A J4 IM3*°1 4^ 44 4^l- 0 -S l~t£l£4 SW4. n^n, 7fl«>ls ^4°1 4^-°_s. -144 
^ 7j4£s. e.^^ «^ fe oi7> *fl43 44 °]f-i, 444 44^1 4°1 *114t 4^7} 

44. °lf Tfl ^ A J4 sfl4 & ll A 14 444 44^1 4 44 £4 °144 4 4-°-HS. sfl'isi 4°1 4afl7l- s)4 i44 7]-4 
4 44. 444, 443 H^l^oM £71- ^±ofl ^ ^ ^ 40] #<Hfs41 44 ^ ^fl4 a4 

(narrow channel effect) 7> ^7] 4 4^14 4 44. 



£4, 444 443 44 44 34 4 4°11 -^ X J£!4 ^43 44 4°1 4a ^^1^4 4 4 42 (fully depleted), 
444, £4 A J°1 44514 s:44 44. 



ZL4dl, DELTA 4£3 4£^1 441- 43^ 43^ 714^ -7444 34, 7l4°fl *fi^4 % ** 
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324 344 7H-«1-ji, 444 ^- S4 43H3 71 « 44* 3344. -t>^-» 4243 434 

^ ^H'i* 3* *#43 34 4*11* 3144 444 4443422 £3:33 Qtt JfS-^H 4422 444 42 
oil sisfl #444. 443, ^4 71* 431 444 3344. 3 43°113 424 443 44 *HH 437} 3433 
44 3344 *11\I3 f-^71- f«Wi, 41343 44 4333 434 44 444 Slfe *^l|7> SJ4. 



io]^ 7l*# DELTA 42 ^ofl 444 ^4. 23 #4 3££ 7L324 3443 4** ^3422 13 

3 3*4 A>.g-t 3)3 424 44S 34 4*114 £344. 234, 23"^ 4-g-t ^ ^ sfl^sl ^3 i 
343 43°fl 3*11 3444. 2^3 42*11 43* 34 44 £4 43 (fully depletion type) 23^ 7)4-5: 2°1 

4 4^14 43 42243 44422 443 *)143 4t 4 34. 

44, GAA ^23 423, 44 233 4*^1^1 23422 #333 2^4 3344. 232, 7113H 44 443 
3 243 332 14422 34 4333 333 *H1 444 332 3^43 43424 3344. 443 DELT 
A 4233 4^4 si44 444 24* 34. 



a34, GAA 42* *i34 34, 332 343 *l]\i 4433 4333* 4342* 43 3«ll 43 33 451143 
"HI- 4444 443 343 43 5 444 3443 34*114 44. 3 4333 -§443 344 43 44 43 33 
si 44 444 434 222/2313 333 442 44 44 *H344. 443, 332 344* 334 H 3 

3 444 434 ±22/2314 333 4432 7fl32 343 3333 33 3 3 3 42 (parastic capacitance) 7> 

334 4*11 4 Xi4. 



433 3423 -4: 234 '"-4 
443, 4 434 444 433 DELTA 424 GAA 423 £~33** #33 34 322, 44, 333 423 

33* 43 4(channel width)4 if3^r £44 <-fl* 23323 i^f- 7}?} ^ ^ a #bJ£ 

^144^ 54 43 AS 44. 

43^1, 4 4^4 l^ 1 443 4 A 3t ^1^4 4 Si4 Fi€323* 43t- 4£*11 43 « a '^3 4^ 
4 ^144^r 34 43-°-S 44. 

43 -I ; 'r3 9! 34 



AV71 434 4343 M4 4^3 4£*(l 434, 23 343 *fl«- 444 33 °J4P-S ^333 4312 222, 
*U42eil3 ^322 4433 222/2eflo] ^334 33^ 324444 33^43 3432, ^ ^33tr 4 
43 32 222/25fl3 333 33^-44 443^ 33^-43 433-ir 434 ^4, 434 3143 3144 si^ 
144, #34 21133 m 334 3^11- #3443 434 *H43 ^34 444 4322 444 3i 
34 332 34* 4343 3434 23323* 71-44. 



4 t333 434 314 i£4°fi *§34 3344 222/2e-i]3 33 244 33 33 23i f 44 3343 4*11 
3 343 44 44 4 3.4. 



4 4333, 434 314 7f4rfl ±22/2^4 334 444 33 33€- 324444 33^43 44 4 4 
4 #34 4 32, 33^ 324444 33^43 442 a3 344 4 34. 33§ 324444 33^43 4 
42 344 343 33 3333^r 33^ 32444 34°fl 332 444 s 4c 24 4343 3332, 
43^44 222/234 333 33*44 3443 3344. 332 344 344 24 4344 335-4 43 
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°114 71413 l<S4-°-3 71444 l^Ei-o] #.-/)144. 



4 4 n J°41, 4 A J <314 ^^/Hefltl $^°1M 442] *fl€4 5!4 IN *m <8«H*1 °J u o v ^a 4^*1 3 
4 - 7fl51 «^_o £ 444H - ^4. 



AJ-7] 434 ^47} ^tt 4 4^21 4E*I1 4*1 4^4, -title 7flS.nVfr*4 *Je]44°l 3*} 6 14<H4 43 

°1444 l^E "44 7H^ £°14, a ll4 444, 44 7144 -°-3 °W°lZ± 7144 ^14fe 431, ^°144 4 

e^sm <a4-°-3 4^4 14J44 # A 34 ^€21 S4 l<?i44 *§ A M^ 4?! 1<S4 

54J 4 A J4 flS t*!^* 3*44 44 ^aq- 4*14* 3flE|^4<*| 4 A i4 ^44 ^ 3«H-M 7* 

3*134 71413 ^T^fe 44 TflolE «g^oj|A] 1°144 ^7^}^ 4711, 44 A J ^144 4«11 % A <3 4 ^ 

21 3M <8<sH*l iJel€- .?-.£. aflT^M 444 ^ A 344 44 TfleuVfe-ol 4*33 A3 31 

7M 43HH He-14 «- A 34 314 £44 iife 3413 «<a44 *3*H? #31, 7]431 TiloiE 51*144 CVD3 34 
*H 544 £t44 3413. ^^-S- 314 c- 4314 4B14-3. ol-lH^K 



±oj^§. ^e^*h 4 A <34 ^44 43HH 3142] 3M ^331 *H444 44 44<3 44*1 3-8 
4 4^7fl^l 3fH4?_3 # els]E4 sflEi^o] 0)441 - 0^4. 

4 t"JoUAl 1^44 7flo]ie ^04HJ.^ 14^4 U A Q^^r 3)3.444-5-3. <34<34 H^oSo] £44 <t444:3 

3-8 *H? 2<3 44344. 

E^-f 4^44 A i € A H« #«fl & 4^4 fi-4 431*1 ^44. 

(1 a h i) 

2E1A. IB, 1C1 4^44 43^ 31344*(30')4 ^^^(40')°1 13 "^I-tHI 0 ]44i>-3 *14<34 

nfll- 444(20), 44 714^(10)^.3 4*^ ±°] 714*1 ^ A J€4. E lA^r ±«1 7141: 4^^ ^^H, E 

IB, S. lC^r 4^ i°l 714* £ 1AS1 X-X', Y-Y' 4% v -°-3 144 tVg* 4e1-M1^ 4 I dE*°14. 

°m ±o] 7l4# 4E^ ^4 7>xi7} 4 -r 5fl 4. 7H, 44^1 13^ 71421 &4«i 0 J X J ~4 ^nn-i S 
a J4j1, 4* 131 7i4°ll isle 7fls.4# 41^^* i3H4f-A3 ^^ai?j ^ 4 7144 -§-^4j1, i 
H4-H- 41^4°1 ^ A J4 131 71421 nfl^* tfl^-* CMP3 f'S* Ai-4t 4 $4. 7)4, pfl4 44* 

^ A J<H1 4± °1^4 0 J^ 4°1 4^-4 4^ 544. 



E2A, 2B, 2C« 4^4^!, £°1*-S- 4e4^h # A Jt ^1^(30,40)4 ^ A ^44 t A i* ^*X-X 4*^-3 7 J7ll 
S A J^4. 4 A J-t sii^(3o,40)2] 44 44 tel ^ A J€ 4 «4. t113.4 : h- 41^*21 47)14 

HiL ^42] 4°1 3711 1 A 0 !4 34 44 ^21^ 711344 41^*4 >WHr 43H4i 4ii±/E^4 
3. S°l 4^ ^4 51314^ leie ?11344 41^421 4^4 4 A J4 3fl€2| 44 4^114^ 44^144. 
4°1^ ±o) 7144 ^4 ifl ^^€4. *fl4 4442) 4^fe- rfl7fl 1 4o|33 ^ °}^°)^, ?11344 41 
3*21 4^14 2000 4^34 1000 4^34 ^E7>, ^el^ 413421 4^1^ 300 M41 1500 4-^34 3 

£71- 443144. 



E3A, 3B, 3C4 4^4^, * A J* 3flH (30,40) £34 144^1^ 100 4^34 3E21 1^4(50)4 1^44^ 
^4(50)4 1± 4^l7H4i 3flE430,40) 14 A 1^1 1^4^ 7>44^, l<a A J44 ft A J4 a4 
i CVD3 44 A l7l^r 4HE 7>444. 144 34°M ^1 °144° t )4 -S^l* 4 5U4. 
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£4 A, 4B, 4C» 4244, 114(50) £3 44 4 A 3* 44 (30,40) $3. 14S- 144-9.3 4441 14 444 

4 4444. 14 4444 144(50)4 14 4«il-t 7 r 4b 414 44444, 444^ ^4b 

l£ 7>4S r 4. 4, 44 44*(20) 4 3 4 4«}4# 7>44. 44. 14 4444 4*4 ¥1 £34^:144 (photo- 
lithography)* 444 3flE^ 444 44 443 4444 14 4444 44 44 14 444 44(60)4 114 
4. 44 ojuj-Aj Aiz]-g- 4440} f- A J# 4 (30,40) 4 Sb 144(50) 4, 14444 44 44#(20)4 14 4 
444 ^4. Tflol e oj« o. afl^(30,40)* 434s.Tr 44_°-3 1144 41* 41(30,40)4 #4 44 

4 4! ^444 444 14 44 31 €4. 444 44" 4444 3143 4444 44444 144(50)£3 SI 
*1* 44(30,40)4 4^ ^44 £444. 



£5A, 5B, 5C« 4244, £44 41* 41(30,40)4 41 <£44 ^4 144(50), 4, 14444 4444. 1 
444 44* 4444 441 1434 44 44 414 444b 44 44, 714 441 444 444b 14 4 
4444. 44a] ±sl± £44 <344 144(22)4 44 €4. 7 r 44 h4il. 444 h44 41 144 41* 
41(30,40) 4401 14^- 313.44 4S3*£3 4441 44 43* 41(30)4 114 £3 1444 4444. 
14€- 711344 413*£3 4441 44 ttl* 41(30)4 11 43414 ££-^ 4^3 4114 441 A^. 
4 43444 444 20 44 30 44% 44£3 114b 14 44444. 



41 1441 44 41* 41(30)4 !14-°-3 4441 14 144£3 441 444 4444. 14 444 
444 34, SF 6 44 4)434 4444 i-424» 114b 14 144 444 14 44444. 313444 44 
4 40% 3£l 34. *41 44414 4134 44 3)344 14b 4^^#4 443. 413^4 44 4 E Jjwlfe 
4444S.4 (NH4 OH), 44444i(H 2 0 2 ), ^ 44(H 2 0)-i 4^wl 1:1:53 34 444 0 -. H 4 444 «ll 4£ 75 1 
33:1 =8E7l- sl^^ 44 s^oiiAi 4e]s. ^ep)-4t4 ^eie 4440) 4«j«14 100:1 ^£.7} 44. 414 
33 SF 6 4 4^21 44 #4^:44 44t 34 4&l€- 313444 4^53 4^b1^ 12:1 4*14 4 44. 
714 444 ^14 (Atomic Layer Etching) 4A'£ 444 4 &4. °14 4 ^!4 4tl4 44^3 2:^=1^ 44 
4 4 5A4. 



£.6A, 6B, 6C4 4244, 31344 44^#-5.3 ^14^4 4* 4 A ^# 5f!4(30)«] <^°1H ^17^4 ¥1 
3413 ^44^1 ^44 4 ^^4 144(24)4 4 A Jf^ 44(30,40)3 £#4 H441 ^4431 €4. 44, 3413 

1444 1444 4«ll 1444, 1444^3 f A ^44, ±^ ?1tf44l7l- #4 CVD(Chemical Vapor D 

eposition)4 ALD (Atomic Layer Deposition) 4 »144^ 444 444, 444 444, 444 444, 4324 

444, *HS4 444, 44 ii444-°-3 W§1t 4 «4. Wf 1^4(24) ^ A J 441 $321 44^ 4^1 
#i>_3 4444b 44 #^4 ^€(40)4 4431 ^^£]b S4 44444 4*11 4i 144 44 4^4 144 
4 SI 4. ^4 114(24)4 4^4 ^^1 3 ^4^4 ^44 444 44 4444 44 *134 ^44144 10 vfl 
4 50 4-^34 ^£3 ^^431 44. 



1142, 3143 444 44 414(80)4 CVD 4^3 4441 4444. 444, 4^ ^44 44 4 A J4 4 
4(40)4 44 444(20) 444 Si 444 £444 44 4444 444 3143 ^44 £4 44f (80)£3 4 
444. £4 414(80)4 444 &£4 4' 1 444 444 414 CVD* 4444 14J4rr 34 44144. £ 
1 413b 1-4 14€r, i-4 144 31344, E j±4 %'^>a 144, 444 1444 E Ji^!4 44*, 444, 4 
43€, 444 44 444 4 14. 



£7A, 7B, 7C4 4£44, 3143 °J44 344b 44 444 44(60) 43 4*4 £4 414(80)4 44 44 
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4 44 44 CMP -§-5-1 4444. 444, 44 4444 H444. 44 44 444 44 44 4444 4 

444 ^7i«-4. 444, 44 444 314(40)4 4^ 444 3i<»i s 144, 4, ama* 144(24)4 444 

tftflS 44(82)-°-3. 4444 44B * 444H(GAA) 4^4 H34±47}- *§444. 44S 444 ^4 

tt- S.® tas^ 4444^44 cvd 4±4 44 4** 4 5S14. 



444°.S 444 444 i^/H5|°J 444 44 444°J4 4441 4 $U. #4 144 44, ^44 
4444 ±.£.±/iE414 -344 44 = 34 4444 ^44 41* 4 Si4. 

(-34*1 2) 

£9C444 4 444 4^ 4444 4444. 



£8A, 8B, 8C1- 42:44, S.5A4 4°) 14S- 4 = 44 4114^5. 4444 44 444 44(30)4 *H4 "34 
ofl-H 44 *| 71 3 4444 £44 44 #44 3] 4 (40) 3 44 444 44 44H 144, 4 4 
4 144(24)4 *§444. n^ji, 44 444 44(60)4 #4 344 44 444-°-3. 4444. 4 4444 4 
°1S 444 444 Hi 414(90)4 4444. «H 4 4 444 44 #444 44£ 4^4 o.s. 4444 44 
4 445. £4 414 (90) AS 4444. 



£9A, 9B, 9C* 42:44, £.4 414(90)4 44£ 444 £444 44 S.£.iHHiB3. 44H s^) 44 

o]W§ Ai Z ]-? r 4a)§H >MS <§oi6\} TliojE #4(92)4 444. 444, #44 44(40)4 4M =344 t114_e £ 

914(24)4 7flxfl4 4Efla TfloiH ^=-(92) o.s. 4444 44 = ^ <H44H(GAA) 4isl = €4^471- *§444. 
(14^1 3) 



Hi OA, 10B, 10C1- 4S44, 4 4^4 44 4444 44 ^5f4H 424 H44±47> £434 44. 

a "<S4 444 44^ 4=4444 44S44 34 4444 43 4444 24 444 ±444 7>4 ±4 7144 
444b 44 ol43 14 414 444 44 &44. 4^4 44*1 1^44 4^4 Tfla.4444 A d 
2l^4°l 3*1 °14°14 43 °144°1 27fl 4^14 ±°14, nfl4 444, 44 444- 0 -£ °14°14 ^1 444 4al 
44. ^ c, 144 ^4^44 °44-S 1 A J4 4^4 4^4 ^ A ^44. 4 A ^4 444 S44 4^r 1444 S A J4s, 
444AS. 4°J 4 A J4 44 4s 44 4444 4444. 44 4444 44444 #44 444 4^ 44°fl4 
7li7|£fe TflojE ^«o]]a^ ^7-144. Tflois cgoj^A-] ^<S44 47^}jl, 444 444 4«fi 444 444 
^444 44^ 4 = 4444 4^4^-S 4444. 44 4444 4 44-^14 44 4 44 444 ^444. ^4 
? 4 = 444 444-9.S. 444 4444 H44 444 4€ S44 4°lM 144(24)4 ^4431, 44 4 
44 4€4 4444. 44 444 4144 CVDS. 4444 4 5-4 444 443- 444 444 £44. 4 
444 44 44S ^44 £4 4144 44 44S 44(102)4 ^444. 



(444 4) 

£11A, liB, net 4^44 4 4^4 £ 44 4444 44 44B 4 444H 4^4 S€4i47> £.444 
S)4. 

4 444* *§444r 4^4 444 24 44 ^4 444 444, ±444 44444 444 444 S444 44 
44 ±±±J^°d 444 44431, 4^ 444 4 44°-S 444 £11A4 £44 44 44 444 444 44 
44 444. 
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(57) »*}$] 
1. 

A j-7i jfl«^i at a«Hj-, 

t A J* 3fl€2l <S« S^l* A o v 7l l^l^-a- 7fl*im Aj-Efls. i-e^H, A 0 V 7] sH€°l ^£ ^4 ^3 

^^2. 

1 $H A i, 

Aj-71 A 0 V 7 ) 3g-A^ sflE^ Aj- 7 | ^ cgo^ AV 7l CfS. <>lf-<H 

^^f - 3. 

*ll 1 %H1 5!i«H, 

AJ-71 ^±/HS|l<?l <39H a 0 v 7 ) ol^o] 2 7fl ^Ajs] fe ^SLS. «fe E^l-^t #2E*| 
37$- 4. 
l a°H. 

4£4 ^ A J^ 5iir ^-^J ilS sfe E«»li^# 7Hb *£J(| ^1. 
5. 

^ i %hi sa°H. 

6. 
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4 1 %4 flo^, 
7. 

4 l %H1 floH, 

A d"7l n\°)S. #^-Sr ^El€- JEtt CVD ©1 f-<H^l^ ^-g; a^lS t}^ M€^]i^|* 7]-*lfc tKE*ll 3*1. 

8. 

1 til 5a°H, 

#71 *Jel€- a #71 #£l$*£ °l^Mfe 7^ ^±:L t}^ E^JX|±E^1- #51*11 

9. 

* 1 %H] sa*H-H, 

10. 

#7] io]f,-|- °J SJ-tfS-S. *W ifl€* ^*Rr ^7)1, 

A o V 7l ft A J# gfe l-SSl-fr ^#*}fe ^7j], 

#7] l^Sj-^S € A J* flS A 1 ^ W*Ht 3#*Rr 3*1, 

#?1 >8-^BJ-i- ^71 tf^fc gQ&& Jtyg <^°M 71-Sxja^ TflolE <^oj]7i 44 ^ 
Hi- jfl^ i^*}^ 

*# A J 34* **fl A o V 7l *W Sflli <8«foJXl 7fl3*H3-§-§- ^S^S. 

A o V 7| ^£1^ = -9*W-.3. 4A% * A jt ^€ 5irr I'S 5 !* t& 

4, 

#7] 7)|©1E ^o^o] q^g 7 ]#ofl -I-^*-S- #71 i^SRr #7l Tfl^B ©J^ofl ?)lo]E 

^^*>fe ^7|1- ^al«H 0 l^H*lfe- 7}^1^ ^ 
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